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Baikal	 covers	 the	period	of	25–30	million	years	 (Müller	et	al.,	2001;	
Sherbakov,	1999),	and	for	the	greatest	part	it	was	represented	by	shal-
low	 basins	 slowly	 unifying	 together,	 first	 southern	 and	 central,	 and	
finally	 joined	by	the	north	basin	(0.8–0.5	million	years	ago).	The	sin-
gle	ultradeep	reservoir	(over	1000	meters)	formed	relatively	recently,	
500,000–150,000	years	 ago	 (Logachev,	 2003;	 Mats,	 2001;	 Popova	
et	al.,	 1989).	 Climate	 shifts	 from	 subtropical	 to	 continental	 (Popova	
et	al.,	 1989),	 Pleistocene	 glaciations,	 as	well	 as	 evolution	 of	 abyssal	
depths	promoted	rapid	speciation	in	Baikal	(Khursevich	et	al.,	2001).	
Over	2,500	species	have	been	recoded	so	far	(Timoshkin,	2001),	and	















Both	 Baikal	 and	 Tanganyika	 have	 some	 nonendemic	 taxa.	 In	 Lake	
Baikal,	Palearctic	 taxa	 live	 in	 the	 top	2	m	of	 the	 littoral	only	and	do	
not	penetrate	beyond	 this	 zone;	only	very	 few	Baikal	 endemics	 live	
sympatrically	with	these	Palearctic	species	(Mazepova,	1994).	Present	




resented	 by	 two	 genera:	 Limnocythere	 Brady,	 1867	 (one	 species)	 and	
Cytherissa	Sars,	1925	(47	species	and	10	subspecies).	The	latter	is	rep-

























fossil	 record	 is	 the	 adductor	muscle	 scar	 imprint	 on	 the	 shell.	 Shell	
ornamentation	and	shape	are	used	for	lower	taxonomic	units.	The	can-
donid	shell	is	generally	poorly	ornamented	and	with	high	intrageneric	
shape	variability,	which	may	pose	a	problem	 in	 fossils	 identification.	
The	 record	 of	 Candonidae	 from	 the	 Upper	 Carboniferous	 is	 dubi-
ous	because	of	very	poorly	 preserved	 shells,	with	 undistinguishable	
pattern	 of	 muscle	 scar	 imprints	 (Sohn,	 1975,	 1977).	 According	 to	
Danielopol	et	al.	 (2011),	 the	oldest	Candonidae	ostracod	dates	back	













sil	 record,	 their	 age	 is	 rarely	 used	 in	molecular	 clock	 calibrations.	 In	
addition,	a	study	based	on	18S	rRNA	stipulated	a	high	incongruence	
between	fossil	and	molecular	divergence	time	estimates	in	this	group,	
partly	due	 to	 the	controversial	 taxonomy	of	 fossil	ostracods	 (Tinn	&	
Oakley,	 2008).	 Consequently,	 studies	 attempting	 to	 estimate	 diver-
gence	 times	 in	 ostracods	mostly	 applied	 universal	 invertebrate	 COI	









the	authors	 settled	with	 the	 last	method	which	placed	 the	origin	of	
Cytherissa	species	flocks	in	Lake	Baikal	between	8	and	5.3	Mya,	rather	
similar	with	the	age	estimates	based	on	fossil	record.








of	 colonizers.	 In	 amphipods,	molecular	data	 suggested	 several	 inde-
pendent	colonization	events	of	the	lake,	and	subsequent	diversifica-
















from	Lake	Baikal	 and	 include	 representatives	of	all	 three	genera.	We	
also	want	to	verify	whether	the	evolutionary	history	of	Baikal	candonids	
is	 congruent	with	Cytherissa	 and	other	 animal	 groups	 in	 the	 lake.	By	



















Kobayashi,	 Katoh,	 &	 Kajihara,	 2016)	 based	 on	 the	 molecular	 phylo-
genetic	 analysis	 in	which	 three	Candonidae	 subfamilies,	Candoninae,	
Paracypridinae,	 and	 Cyclocypridinae	 were	 all	 erected	 to	 the	 family	
level.	 In	 our	 analysis	 for	 each	 species	 we	 retained	 genera	 names	 in	









2.3 | DNA extraction and amplification





(1991),	 of	 the	 18S	with	 primers	 from	 Yamaguchi	 (2003),	 and	 frag-
ments	of	16S	were	amplified	with	primers	from	Palumbi	et	al.	(1996),	
all	 using	 a	TaKaRa	PCR	Thermal	Cycler	Dice.	 For	 all	 amplifications,	
PCR	 reactions	 were	 carried	 out	 in	 25	μl	 volumes,	 containing:	 5	μl 
of	DNA	template,	2.5	μl	of	10×	ExTaq	Buffer,	0.25	μl	of	TaKaRa	Ex	
















All	 sequences	were	 visualized	using	Finch	TV	version	1.4.0	 (http://
www.geospiza.com/Products/finchtv.shtml).	 BLAST	 (Altschul,	 Gish,	
Miller,	Myers,	 &	 Lipman,	 1990)	 analysis	 of	 GenBank	 database	 was	

















acquired	 from	 different	 specimens	 in	 order	 to	 avoid	 missing	 data,	
and	for	our	outgroup	we	combined	16S	from	a	different,	but	closely	
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information	criterion	 (Hurvich	&	Tsai,	1989).	Bayesian	 inference	 re-




























dataset,	 and	 combined	28S	dataset.	The	 last	 differed	 from	 the	 first	
two	in	using	strict	clock	model,	while	in	the	case	of	the	first	two	we	
used	 uncorrelated	 relaxed	 (lognormal)	 clock.	 Otherwise	 in	 all	 three	





orbiculata;	(e),	Candona rupestirs;  

















first	 Pseudocandona ssl.	 fossil	 from	 Late	 Oligocene/Early	 Miocene	
(Triebel,	1963);	and	Trapezicandona	Schornikov,	1969	with	a	mean	of	
6	Mya	 and	 standard	 deviation	 of	 1	Mya,	 corresponding	 to	 the	 time	










The	 samples	 collected	 from	 the	 lake	 contained	 representatives	 of	
both	Baikal	ostracod	groups:	Cytherissa	 and	various	 representatives	
of	 Candonidae.	 Of	 all	 candonid	 morphotypes	 found	 we	 were	 able	
to	 confidently	 identify	 the	 following	 species:	 Baicalocandona navi-
tarum	 Mazepova,	 1976;	Candona directa	 Bronstein,	 1947;	Candona 





Pseudocandona	 because	 they	 had	 strongly	 ornamented	 rectangu-
























The	 results	 of	 pairwise	 distance	 analysis	 are	 shown	 in	 Figure	2.	








After	 two	 million	 generation	 runs	 in	 MrBayes,	 the	 final	 standard	




biwaense	 and	 P. cf. biwaense,	 or	 P.	 sp.	 in	 the	 case	 of	 16S	 dataset	








ter	 “c”),	 Trapezicandonini	 (letter	 “d”),	 and	Humphreyscandonini	 (let-
ter	 “e”).	Candonopsini	was	a	sister	 taxon	 to	Trapezicandonini,	while	
Humphreyscandonini	 was	 the	 sister	 taxon	 to	 these	 two.	 These	
F IGURE  2 Pairwise	p-	distances	for	individual	and	concatenated	
datasets
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relationships	 received	 a	 relatively	 high	 posterior	 probability	 sup-
port,	while	 the	 clade	 consisting	of	 the	 two	Cryptocandonini	 genera	
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The	results	of	18S	analysis	almost	did	not	differ	in	topology	from	
the	concatenated	dataset	analysis.	On	the	18S	tree	Cryptocandonini	
had	 a	 better	 support	 (0.98),	 and	 Humphreyscandonini	 was	 its	 sis-
ter	 taxon	 (with	 a	 weak	 posterior	 probability).	 In	 addition,	 mostly	
Baikal	 candonids	 and	 Candona/Pseudocandona/Typhlocypris clade 
had	a	slightly	better	support	 (0.81).	Finally,	 the	association	between	
Candonopsini	 and	Trapezicandonini	 seemed	 to	 be	 the	 result	 of	 the	
long	branch	attraction.
The	resulting	trees	of	all	three	28S	fragments	analyzes	concurred	
with	 concatenated	 and	 18S	 results	 in	 terms	 of	 general	 topology,	
showing	a	strongly	supported	division	of	Candonidae	into	two	clades.	
However,	none	of	the	analyzed	fragments	resolved	the	relationships	




Due	 to	 the	 very	 limited	 16S	 dataset,	 the	 resulting	 tree	 did	 not	
support	 partition	 of	 Candonidae	 into	 two	 clades,	 and	 positioned	
Trapezicandonini	as	a	sister	taxon	to	Baikal	and	some	other	non-	Baikal	
candonids,	but	as	the	Trapezicandonini	branch	was	very	long,	this	union	
might	 be	 a	 result	 of	 the	 long	branch	 attraction.	 Similarly	 to	 the	28S	













For	 the	 concatenated	 and	 18S	 datasets	 we	 used	 uncorrelated	
relaxed	 (lognormal)	 clock.	Calibrated	Yule	Model	was	used	as	a	 tree	
prior	 in	 strict	 and	 the	 relaxed	 clock	 analyzes.	 All	 analyzes	 resulted	
in	 similar	 tree	 topologies	 (Figures	4	 and	 5),	 with	 similar	 posterior	
probabilities,	 and	 they	 were	 almost	 identical	 to	 the	 unconstrained	
analysis	 in	 MrBayes.	 Differences	 are	 minor.	 For	 example,	 the	 tribe	
Candonopsini	(Figure	4c)	resulted	as	a	sister	taxon	to	Cryptocandonini,	
Humphreyscandonini,	 and	 Trapezicandonini.	 Candonopsini	 lineage	
was	not	recovered	on	the	28S	time	tree	because	of	unsuccessful	am-
plification	of	this	region.	Divergence	time	estimates	are	similar	on	both	














The	 fact	 that	 both	 divergence	 time	 analyzes	 produced	 consistently	
older	estimates	than	the	fossil	record	suggested	is	in	accordance	with	
previous	studies	on	ostracods	based	on	18S	 (Tinn	&	Oakley,	2008).	




molecular	 time	 estimates	 better	 than	 the	 strict	 clock.	 In	 our	 study,	
the	strict	clock	model	applied	to	the	28S	dataset	analysis	resulted	in	
smaller	age	differences	between	fossil	and	molecular	divergence	time	


















The	 results	of	our	BEAST	analysis	 suggested	 the	existence	of	at	
least	 two	 Candonidae	 lineages	 in	 Lake	 Baikal,	 and	 potentially	 two	
independent	colonization	events.	The	concatenated	dataset	showed	
that	the	most	recent	common	ancestor	of	Baicalocandona	and	a	group	
of	Baikal	Candona	 species	 lived	 about	 40	Mya,	while	 that	 of	Baikal	
Pseudocandona	 and	 another	 group	of	Baikal	Candona	 lived	20	Mya.	
This	 implies	 that	 the	 former	 group	 evolved	 before	 Lake	 Baikal	was	
formed,	while	the	latter	may	have	evolved	in	some	shallow	lakes	which	




origin	of	 these	two	Baikal	 lineages	to	a	more	recent	 time	 (12	and	5	
Mya	respectively),	which	would	allow	for	the	possibility	that	they	both	
evolved	 in	 some	 shallow	 lakes	 in	 the	 Lake	 Baikal	 region.	 However,	
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candonids	 (allocated	 to	 various	 genera	 described	 from	 this	 fossil	 
record)	strongly	resemble	forms	found	today	in	Lake	Baikal.
Our	 results	of	 the	28S	divergence	 time	estimates	 are	very	 simi-
lar	 to	 those	 published	 by	 Schön	 and	Martens	 (2012)	 for	 the	 other	




















and	opened	 the	possibility	 that	one	of	 the	Baikal	 candonid	 lineages	
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markers	 suggest	 similar	 scenario	 to	 our	 concatenated	 datasets	 for	













representatives	 in	 subterranean	 waters.	 Their	 distribution	 suggests	
that	 the	most	 recent	 common	 ancestor,	which	 according	 to	 the	 di-
vergence	time	estimates	lived	90-	110	Mya,	must	have	been	a	widely	
distributed	 species,	 because	 Trapezicandonini	 and	 Cryptocandonini	
live	 in	 Europe	 and	 Humphreyscandonini	 in	 Australia.	 This	 ancestor	
might	have	been	either	a	surface	freshwater	species	or	a	marine	one	
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and	 Humphreyscandonini	 invaded	 subterranean	 waters	 from	 ma-
rine	environments,	which	has	also	already	been	postulated	for	unre-
lated	ostracods	and	other	crustacean	groups	(see	Danielopol,	1980).	
However,	 supposedly	 the	 most	 recent	 common	 ancestor	 of	 the	
genus	Trapezicandona	lived	about	6	Mya	in	cold	fresh	surface	waters	
(Danielopol,	1968),	contradicts	this	hypothesis.
4.2 | Phylogenetic position of Baikal candonids
According	 to	 Mazepova	 (1990),	 the	 phylogenetic	 relationship	 be-
tween	 Baicalocandona	 and	 the	 other	 two	 Lake	 Baikal	 candonid	
genera,	 Candona	 and	 Pseudocandona,	 is	 unresolved.	 Results	 of	 our	




Fabaeformiscandona	 did	 not	 receive	 a	 high	 posterior	 probability,	 in	
contrast	 to	 the	 BEAST	 results	 where	 the	 posterior	 probability	 was	
very	 high	 for	 the	 concatenated	 dataset.	 The	 BEAST	 results	 of	 the	
28S	rRNA	analysis	suggested	the	maximum	posterior	probability	for	
the	sister	 relationship	between	Fabaeformiscandona kushiroensis	and	
Baicalocandona navitarum,	 plus	 the	 same	 group	 of	 Baikal	 Candona 
species.	 Results	may	 imply	 that	 some	of	 the	Candona	 species	 from	
the	Lake	Baikal,	 but	 also	 some	of	 the	non-	Baikal	 candonids,	 should	
be	transferred	 into	Baicalocandona,	 significantly	widening	the	genus	
distribution.	 It	 also	may	 imply	 that	 at	 least	 some	of	Baicalocandona 
may	 need	 to	 be	 transferred	 to	 the	 genus	 Candona.	 However,	 the	
latter	 is	 unlikely,	 because	 four	 other	 candonids,	 Candona rupestirs,	
Pseudocandona	sp.	1,	sp.	6,	and	Candoninae	7,	from	the	lake	form	a	
highly	supported	clade	with	Candona candida,	C. bimucronata,	and	C. 
neglecta,	all	known	from	Europe	or	Palearctic	in	general.	Candona can-
dida	 is	 the	 type	species	of	 the	genus,	and	those	 four	Baikal	species	
form	a	highly	 supported	 subclade,	 questioning	 their	 position	within	
Candona	as	well.
Baikal	 Pseudocandona	 are	 defined	 by	 a	 trapezoidal,	 strongly	
ornamented	 shell,	 and	 absence	 of	male	 sexual	 bristles	 on	 the	 sec-
ond	 antenna.	 The	 last	 character	 was	 the	 strongest	 argument	 of	
Bronstein	 (1947)	 and	 Mazepova	 (1990)	 to	 assign	 all	 such	 Baikal	
species	 to	 Pseudocandona,	 since	 the	 type	 species	 of	 the	 genus,	 P. 
insculpta,	 lacks	 those	 bristles.	 But	 since	 Kaufmann	 (1900)	 erected	
Pseudocandona,	 species	 with	 and	without	 male	 bristles	 have	 been	
assigned	 to	 it	 (see	Meisch	 2000),	 recognizing	 that	 this	 is	 a	 homo-
plastic	character.	This	is	also	clear	from	our	analyzes:	Pseudocandona 
insculpta	 (which	 lacks	 sexual	 bristles)	 was	 part	 of	 a	 clade	 dis-
tinct	 from	 the	 Baikal	 Pseudocandona	 species	 and	 it	 also	 clustered	




analyzes	 and	 divergence	 time	 analysis	 of	 the	 concatenated	 dataset	
suggested	two	lineages:	Baicalocandona	and	species	currently	assigned	
to	Pseudocandona,	both	of	which	would	also	 include	Baikal	Candona 








example,	 in	 Baikal	 amphipods	 a	 morphologically	 extremely	 diverse	








There	 are	 numerous	 examples	 from	 subterranean	 ostracods	 from	




















Cryptocandona	 species	 described	 from	 South	 Korea	 and	 Japan	 have	
isolated	position	 in	 the	genus	 and	 should,	 together	with	 a	 few	other	
species	from	Sweden	(Ekman,	1908),	belong	to	a	yet	undescribed	genus.
The	morphological	phylogeny	of	Candonidae	was	carried	out	on	
the	 genus	 level	 and	 could	 not	 reveal	 polyphyletic	 nature	 of	 several	
Candonini	 genera,	 although	 this	 tribe	was	 in	 fact	 the	only	paraphy-
letic	 lineage	 in	 Karanovic’s	 (2007)	 cladistic	 analysis.	 The	 present	
molecular	 study	 showed	 that	 the	 most	 diverse	 Candonini	 genera	
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